Globally, Maruca vitrata (Geyer) is a serious yield constraint on food legumes including Yard-long bean (Vigna unguiculata subspecies sesquipedalis). However, there is a dearth of information on its damage potential, distribution and population dynamics in Yard-long beans. In the present study, the level of > open flowers > mature pods > immature pods (lowest). Peak infestation was observed six and eight weeks after planting on flowers and pods, respectively.
Introduction
Food legumes provide low-fat protein in the human diet and hence are considered as "meat for the poor" [ 9 _ T D $ D I F F ] (Heiser, 1990) . They are also important as high quality livestock fodder and residual nitrogen suppliers in soil, fixing atmospheric nitrogen [ 1 0 _ T D $ D I F F ] (Leikam et al., 2007) . Amongst food legumes, Yard-long beans which originated in West Africa, is now extensively grown throughout Southeast Asia, Europe, Oceania and North America [ 1 1 _ T D $ D I F F ] (Anonymous, 2014) . It is often consumed as immature pods as a source of protein (24-27%) [ 1 2 _ T D $ D I F F ] (Ano and Ubochi, 2008) , vitamins, minerals and fibres (Messina, 1999; Singh, 2005 ). (Margam et al., 2011; Periasamy et al., 2015) , is recognised as one of the most serious legume pests [ 1 5 _ T D $ D I F F ] (Abate and Ampofo, 1996; Jackai, 1995; Shanower et al., 1999; Sharma, 1998) due to an extensive host range, high damage potential and cosmopolitan distribution [ 1 6 _ T D $ D I F F ] (Margam et al., 2011; Sharma et al., 1999; Taylor, 1967) . Larvae of M. vitrata feed on flowers, stems, peduncles and pods of food legumes, thus damage occurs at all developmental stages from seedling to podding stages [ 1 7 _ T D $ D I F F ] (Singh and Taylor, 1978) , however greatest damage occurs at flowering (Singh and Jackai, 1988) . For example, typical yield losses on cowpea due to M. vitrata range from 20-88% [ 1 8 _ T D $ D I F F ] (Singh et al., 1990) . Thus, Yard-long bean growers face serious losses at pod harvest caused by M. vitrata infestation and consequently employ an array of agronomic management regimes such as application of conventional insecticides which cause adverse effects to the environment and human health, but fail to achieve satisfactory level of control [ 1 9 _ T D $ D I F F ] (Srinivasan et al., 2012; Yule and Srinivasan, 2013) . Globally, whilst much is known regarding M. vitrata infestation on cowpea and pigeon pea [ 2 0 _ T D $ D I F F ] (Jackai, 1981; Karel, 1985) , a knowledge gap exists with regard to M. vitrata infestation of Yard-long beans. Thus, there is a paucity of information regarding damage potential, distribution and population dynamics which are cornerstones for the implementation of successful management strategies. The objective of this study was to explore the epidemiology of M. vitrata on field grown Yard-long beans in Sri Lanka during three consecutive cropping seasons.
Materials and methods
The study area was located at 'Wilpita North', Matara district (6°5′ 60N′′, 80°31′ 0E) in the southern province of Sri Lanka. Average annual rainfall in Article No~e00014 this region is < 2500 mm [ 2 1 _ T D $ D I F F ] (Punyawardana et al., 2003) with a mean diurnal air temperature depending upon season in the range 25-30°C. The terrain is rolling, undulating and flat. Major soil groups in this region constitute red yellow "podsolic" soils with strongly mottled sub-soil and bog and half bog soils [ 2 2 _ T D $ D I F F ] (Punyawardana et al., 2003 Plant parts were sampled during three consecutive cropping seasons Yala, Off and Maha. During Yala and Maha, flower and pod samples were collected from all four study fields. Samples were also taken during the Off season but only from three fields as the fourth was not in cultivation during this period. During each season, 10 samples were collected from each plant part at 6, 7, 8 and 9 weeks after planting (WAP).
In total, 1760 flowers and pods were sampled, 480 for fields 1, 2 and 3, and 320
for field 4. Sampled flowers and pods were kept separate in self-sealing plastic bags and transported to the laboratory in cool boxes. Subsequently, flowers and pods were carefully dissected under a stereo-microscope and any M. vitrata larval stages encountered were removed and placed in 70% ethanol. Thereafter, the total length of all collected larval stages was measured. Total larval abundance from individual flowers and pods was recorded. A plant was deemed infested if at least one larva was detected within a flower or pod. The percentage of infested flowers and pods per field with respect to season was calculated.
Larval infestation and abundance data were arcsin and square root (
transformed, respectively, prior to statistical analysis for normalization of the experimental data. Level of infestation and abundance between flowers and pods as well as among the different developmental stages of flowers and pods in three consecutive cropping seasons were compared using factorial Article No~e00014
ANOVA. Also, a one-way ANOVA was performed to determine whether M. vitrata infestation and abundance changed temporally across cropping seasons. All analyses were performed using SAS software Institute, 1999 ) at a probability level of 5%.
Results

Infestation and abundance of M. vitrata larvae
Of the 1760 flowers and pods sampled, mean percentage flower and pod infestation per field was 33.9 (±1.9) and 6.6 (±0.9) larvae, respectively. In addition, mean larval abundance on flowers and pods per field was 220.7 (±36.6) and 44.0 (±5.4), respectively. Larval infestation and abundance were significantly greater in flowers than pods in Off (P < 0.0001) and Maha (P < 0.0001) seasons (Fig. 1a,b) . Overall infestation and abundance during Yala season were significantly lower compared with the other seasons (infestation, Off and Maha P < 0.0001; abundance, Maha P < 0.0001, Off P = 0.0032).
Moreover, a significant interactive effect was detected between the plant unit and cropping season, for both larval infestation (P < 0.0001) and abundance (P = 0.0016). Greatest flower infestation (50.6 ± 3.6) and abundance (130.7 ± 20.6) were both recorded during the Off season (Fig. 1a,b) . Pods exhibited no significant differences with respect to M. vitrata larval infestation and abundance across the three cropping seasons (Fig. 1a,b) . buds was found to be higher in both Maha (P = 0.018) and Off (P < 0.001) seasons (Fig. 3a,b) . Infestation level and larval abundance were significantly greater in mature compared with immature pods during all seasons (Maha, P = 0.0011; Off, P = 0.0209; Yala, P = 0.0015) (Fig. 3a,b) . [
( F i g . _ 5 ) T D $ F I G ]
Plant unit Article No~e00014 mature pods P < 0.0001. The most prevalent larvae on flower buds and open flowers were in the range of 2-6 mm. In contrast, the prevalent larvae on pods were in the size ranges 11-12 and 15-16 mm (Fig. 4a,b) . A significantly higher (P < 0.0001) component of the Yard-long bean crop at all developmental stages was infected by a single rather than multiple larvae (Fig. 5) .
Infestation and abundance of M. vitrata larvae over time
Whilst a trend of higher larval infestation and abundance on flowers was recorded at six WAP (Fig. 6a-f Article No~e00014
(P < 0.0001) (Fig. 6e,f) . In contrast, M. vitrata larval abundance and infestation in pods did not vary during the same period ( Fig. 6a-f ).
Discussion
Maruca vitrata is a serious pest of food legumes in several countries in Asia, for example, India [ 2 4 _ T D $ D I F F ] (Sharma, 1998) , Thailand (Buranapanichpan and Napompeth, 1982) , Bangladesh (Das and Islam, 1985) and Pakistan (Ahmed et al., 1987) .
Although there are several reports of M. vitrata infestation on Pigeon pea [ 2 5 _ T D $ D I F F ] (Dharmasena et al., 1992; Fellows et al., 1977; Sharma et al., 1999) , data is lacking for Yard-long beans. Here, we address this knowledge gap and report data on M. vitrata from field grown Yard-long beans in Sri Lanka.
We have identified season as an influencing factor for M. vitrata larval incidence and abundance of Yard-long bean flowers and pods. Larval infestation and abundance was significantly reduced during the period April to August, known locally as Yala. Previously, a significant relationship was documented between M. vitrata incidence and total rainfall, including number of rainy days, between crop emergence to flowering i.e., wetter conditions led to an increase in (Jackai, 1981; Karel, 1985) . Sharma et al. (1999) indicated that first instar larvae of M. vitrata had a strong feeding preference for flowers rather than pods. Our larval length data also suggest that the majority of the larvae found in flower buds were early stage (predominantly 2-5 mm), i.e., most probably the first instar larvae. In addition, [ 2 9 _ T D $ D I F F ] Jackai (1980) and Sharma et al. (1999) reported that flower buds were the preferable oviposition site for M. vitrata. Hence, after emergence from eggs, larvae directly feed on buds leading to higher infestation. the majority of the flowers and pods had single larvae infestations of M. vitrata suggesting that crowding was not an issue. However, a small percentage of flowers had multiple larvae, including a range of age classes, implying either females deposited more than one egg or several females oviposit at the same location [ 3 2 _ T D $ D I F F ] (Taylor, 1967 (Taylor, , 1978 . Moreover, our data is consistent with Traore et al. (2013) In conclusion, the findings of this study indicated that M. vitrata larvae caused substantial infestation on Yard-long beans and the higher feeding preference of Article No~e00014
M. vitrata larvae to flower buds could be beneficial for the larvae of M. vitrata to protect from natural enemies and insecticide treatments. Flower bud would be the most appropriate sampling unit in population dynamics studies of M. vitrata.
It is recommended to apply control measures before 6 WAP against this pest. Unequivocally, this new data will help to inform growers to develop appropriate control measures for M. vitrata in Yard-long beans.
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